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Application OF THE ACTIVE WELL cOINcIt)ENCEcOUNTER TO THE MEASUREIIENTOF URANIUN

H. O. Nenlove, J. E. Foley, and G. E. Bosler
Los Alarms Scientific Laboratory, Los Alamos, New klexiu 97545

Abstract

An Active Well Coincidence Counter has been
developed to assay uranium fuel material in
field Inspection appllcat!ons. The unit is
used to measure bulk UO samples, high en-

nt uranium metals, L& fuel pellets, and
$~$?;h fuel materials which have very high
ganzna-raybackgrounds.

1. Introduction

IAEA inspectors have found the portable
High-L vel Neutron Coincidence Counter (HLNCC)
unltl,? particularly useful in field appli-
cations for plutonium assay. This instrument
;~$ no:rbe23\sed for p8ssive assay of either

U because of their extremely
lc+ spontaneous fission yields, To make this
type Instrument applicable to the assay of
uranium, w have modified the HLNCC with spe-
cial end plugs containing AmLi neutron sources
to inakean active interrogationsystem that can
be used for the veliflcatlon of high enrichment
u“anium samples. The modified HLNCC unit has
llmitcd sensitivity but can be used to measure

1 samples containing several kilograms of
!!i;m

An i~roved version of this active system,
called the Active Well Coincidence Counter
(AWCC),3 h~s been built, In comparison with
ti,e conventional fast random driver (RD),4
the AWCC Is more poriable, light-weight, stc-
ble, and less subject to garrna-r~ybackgrounds,

!hJs ‘ast ‘eature ‘akes ‘t app’’cab’e ‘03 Lt.Th fuel cycle materials which CJOIlerallY

!savevery
dechy uf

}&\ gamna-ray backgrounds frcmfithe
Because the efficiency uf

the AWCC is abo”utthr~e times higher than the
ilLNCC,the coincidence countfng rate is about
an order of rnagnltudehigher for the AWCC, The
AUCC can also be used for the passiva as ay of

Iplutonium by removing the small (%5x 10 n/s)
MILi neutron sources.

In the past, when an interro ation source
!wds used with themal.neutron WI coincidence

counters, such as th@ HLNCC, the 30. to 1OO-PS

!
ate I@ngths resulted in a pllo-up of accldan-
al cou’hs from the random Interrogation
source [ArILl). To alltviato this roblam, we

1posit~on the AJIILIsource inside H2 shield-
ing tc take idvantage of th graater trans-
mission C# the induc~d prompt fisiion n?utrons
( 2-MeV avcra e enerv) ccmq)aredwith the AnLi

8nautrons ( 4CI-keV avarage amrgy). Ulth this
tachniqua, the tnduead signal-to-lntcrrogatlon
neutron background ratio can be hprovad by
more than an order of magnftuda,

Computer calculations using speciallymo 1-
fied versions of the Monte Carlo code, MCNP,~
are being developed to predict AWCC response
for sample geometries and fuel categories out-
side the range of available standards. These
calculations are used to reduce the standards
requirements in the calibration of the AWCC,

This paper describes the design of the AWCC
and Its application to various categories of
nuclear materials including high.enrichment
uranium Metals and low-enrichment bulk U02
samples. Standard samples of the above mate-
rials have been masured using the AWCC.

2, Instrumentation and Methods

Ue are investigating two versions of active
aSSdy instruments: (1) an add-on version that
is designed around the HLNCC and (2) an opti-
mized high-sensitivity version,

HLNCC Modified for Active Assay

Me designed the add-on version so that IAEA
can use its existing HLNCCS to assay uranium,
as well as plutonlum, This version is built
around the standard HLNCC, except that the top
and bottom reflector caps are replaced with
source assemblies containing AMLI neutron
sources, as shown in Fig. 1, These sources
have neutron yields of %1 x 104 n/s each and
contaln%O.1 Cl of Am.
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Ffg, 1.
Add-on vh,’sionof the AWCC, which is built
around the standard HLNCC,



The sensitivity of this instrument is not
high because the neutron detection efficiency
of the HLNCC is low (about 11%); however, the
instrument is useful for assaying hlghly-
enrlched uranium metal sanples having masses In
the range 1-4 kg. For example, a 3Z counting
precision (lo) Is obtained on a 2-kg sample in
1000 s,

The useful features of the add-on version
are:

It Is portable,
;: It gives reasonable assay times for

highly-enriched metal samples having
mpsses In the range 1-4 kg,

3. the neutron Interrogation gives gocd
penetration Into the interiors of
dense samples, and

4, since the IAEA has several HLNCCS, the
addition of the source assemblies make
these Instruments capable of assaying
highly-enricheduranium metal.

Because the performance of such active in-
terrogation systems is proportional to the
square of the neutron detection efficiency,
significant gains in the performance of such
Instruments are obtnined if the neutron de-
tection efficiency is increased, The AWLC,
which Is an optimized version of an active
assay instrument, is based on a neutron detec-
tor having high detection efflclertcy(w30%).
Thts instrument is described In the next
section.

~he Act{ve Well Colncldencc Counter (AWCC~

Figure 2 is a schematic of thr ~\WCCwhoze
design is optimized for countir,gttle induced-
flssion reactions and discriminating against
the lower energy AmLl background rmutrons. The
CH? mwderator and cadmium sleeves ,nre de-
signed for most efficient countlnq of the in-
duced-fission spectrum neutr,!ns but ~neffi-
cicnt counting of the (a,n) nautrons from the
AmLi interrogationsource,

The n~ckel reflector on the Interrogation
cavity wall gives a mor? penetrating neutron
Irradlatiom and a sli htl better statistical
prectston. ?{Wtth the n cke In placa the max!-
mum sample dlmneter is 17 cm, For {arbt!rsam-
ples, the nickel can be removed to g$ve a sam-
ple cavity dlmnater nf 22 cm,

A cadm~um sleeve 1! placed on the o~tsicle
of the detector to reduce the background rate
from low-ener~yneutrons in the room. Thera is
alto a cadmium sleqve in the detector well to
rtmove thermal neutrons from tha interrogation

i
lux and to Improve the shielding between :hc
He ddtectors dnd tha Anl.isource.

Tha wtd Izluqs have rwnovable CHZ ditc$
that ~6rve as spactrs and can be removed to
fncrtiasathe sample chtior height. Ramovi;I~
the 2.54-cm-thick diics on tha top and bottom
plugs O11OWS tha cavity to acccnmrmdate a
sample that Is 25 cm tall. LarStr tfzos ran
be accontnodatedby rawmvlng morn discs, as

n ?9

Fig, 2.
AWCC designed for portable use by IAEA in-
spectors,

shown In Tuble 1. The CH spacers give a
hi her Interrogation flux tor small samples
(28 ;m high) by posttlonlng the AmLi sources
closer to the sample. The discs are removable
to accorrrwdatelarger samples whan necessary.

Table I llsts the efficiency for counting
the fission neutrons from the center of the
well and the relative assay time with differ-
ent end plug configurations, As axpectad, the
measurement is most precise when the sample
cavity Is smallest, San@what unexpectedly, the
passive counting efficienr.v increases at the
Iarper cavity configurations, because
larger end PIIIs shield the ends of the

!
!;:

tubes fmrn the ission neutron source,

The AdCC was d s!gned to use the portable
!alectronlcs pccka~e developed for th~ HLNCC,

To keap this initial modal as simple as po$-
stble, no nwtron flux monitor has been incor-
porated into th~ pretent AWCC. Flux monitors
often aru usad with active neutron assay ul~its
to corract for nautron self-shialding or for
neutron modaratlon in hydrogenou8 matrix mate-
rials. Operatiorialoxpar{mce with tho present
ANCC will be us?d to evaluate tho nead for a
flun monitor in rnoroadvanced models.

The conplatw Ah/CC system, Including tho
Electronics, HP-97 calculator, and dettctor,
la shown In Ft . 3.

?
Th@ AHCC and ctrt wtgh

appro~lmately 26 kg, The cart allows ona
p~rson to IIWQ tha unit ovtr minor obstaclm
such an smtll atapt,



TABLE 1

END pLUG CONFIGURATIONS

Passive
Cavity Counting Relative

Plug Efficlencya Assa
Configuration {

z~.. Time

Full discs 20 26 1.00
Small discs
removed 25 28 1.44

Both discs
removed 35 31 3,03

a Corresponds to absolute tota
a spontaneous fission source (J~$!~i~l% (Y
the center of the sample chamber.

b Corresponds to relative measurement time to
reach the same precision for the same samp~e.

Fig, 3.
AUCC tystam including tha shift roglstcr Qlac-
tronics pscka e that is tnt.erfactdd{rtctly

!!into tha HP- 7 pro ramnabl~ chlculttor for
automated data CO11OC iom and analys~i,

For assay applications, it is desirable to
have a unlfonn response fran all locations
within the measurement chamber. To help
achieve this goal, PmLi sources are located in
both the top and bottom end plugs. This sym-
metric source arrangement gives a more uniform
vertical response. The unformity is helped by
the fact that the efficiency for counting the
Induced-fission neutrons is greatest in the
central section of the well counter. To meas-
ure the spatial response uniformity, a flat
~{~c sample (1-cm-thick) containing 500g of

U was measured at Increments from the
bottom to the top of the chan!oer,with the AmLi
source positioned in both the bottom and top
plugs. The induced response vs height is qiven
in Fig, 4. The response is uniform (22%) fcm
sample heights between 5 and 18 cm. For a
single source located in the bottom, the re-
sponse changes by more than a factor of 4 ovpr
the same height range.

1- -i

.L_u_l_LLu-_.l_.l
0 1 4 a o m IS 14 la m to

VtnTICAL WIOHT lam;

Figl 4.
Coincidanc~ response as sample fill height for
the AUCC in normal configuration using single
sourc~ (bottan curves) and double source (top
curve).

3, Results— —.

High Fnricimnt Uraniw,l(HEU~

Tho AUCC has h@an avaluated fur several
mmurament probl~s that are of i ere~~ to
the IAEA. These include: HEU (93S ~$.1) metal
buttons mi hfng approximately 2 k

! !
whl~h are

in ut molterals to fabrication ftic\ities, and
(2! Cdn8 of ura~tUKI-alUfOffiWII SCFSP (h?n~rdtdd

~~~~n~omf~~~~~~~r~f‘~r~~’o~!??~ts containing.
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The high enrichment metal discs used In the
present expe~’ment are similar to metal buttons
of interest In inventory Inspections. Two di-
mneters (6- and 7-cm) for the discs were used
to check the effect of diameter variations In
the measurements. To obtain the mass range
from approximately 500-4000 g U, the discs were
ztacked on top of each other to form a cylinder
with heights varying from l-cm to 7-cm. Th
uranium metal h $

%5::: f’$;f I;:;’g:$!resulting In a

To wolf oxidation and cont&mlnation by the
uranium, the discs were coated with a thin
nickel plate.

Table II gives the results for the differ-
ent sawle masses. The response per gram
changes by only 8% in going fran 1 disc to 7
discs. There +s a cancellation of self-
shieldlng and multiplication effects. For the
low~ermass regfon (. 1500 g U) the self-shle”ld-
!figdominates resultlng In a decline of the
response per g U, but for the higher mass
values (> ‘<000g U) the multiplication domi-
nai.csresultlng In an Increase in the response
per g U. The average difference in response
per g U from the mean was only 2.7%.

A plot of the coincidence rate versus the
response is shohn in Fig, 5. The curve Is fit
through the data points for the 6-cm-dlam
di~cs. The 7-cm discs fall sllghtly above tilfl
curve, The average rate per gram for the 7-ctl
discs IS 2.2% higher than for the b-cm discs.

Flg, 5,
AbkCCrolponsa VI g U for HEU motel buttons.

Low Enrlchmwnt Uranium

The AUCC has also been used for the meas-
urement of low enrichment uran!um. Because of
the low flsslle content, the Cd liner is re-
moved and the resulting thermal-neutron inter-
rogation gives increased sensltivlty, However,
thermal-neutron Interrogation Is very subject
to self-shielding of the neutrons by the ura-
nium resulting In a nonlinear calibration
curve.

Materials that normally contain large quan-
tities of hydrogenous materials should be meas-
ured with the AWCC in the thermal-mode because
the sample matrix material thermalizes the in-
terrogation neutrons. If the AWCC Is In the
fast-neutron mode, the assay perturbation from
the hydrogenous matrix is large; however, If
the AWCC is In the thermal-mode, the additional
hydro en In the sample has less of an effect.

?Examp es of this type material are:
1, Scrap and waste mixed with rubber

gloves or plastic bsgs,
2, lranyl nitrate with concentrations

ranging from a few grams per ?iter to
a few hundred grins per lltel’,

3. Plutonlun sulutions In the same
concen-
tration range as above.

This last category lnv~lving Pu solutlons
would require both a passive (i.e., removal of

~LS Q~~usY~~l~ti~~inc~;~n~ ~Y~~vetOt,~~~~~n
gatlon to obtain the ’fissi”lecontent.

To evaluate the AWCC in the thermdl-mode,
measurements were made on a set of cans con-
taining low enriched U30S. The cans had a
dluneter of 10.5 cm and a height of’ 12.5 cm,
and \gpically contained 1 kg of U Oq with
the 2 U enrichment ranging from 0,7-1h;

Pa$$ive Assay Application&

By rcmovlng the AnLl sources from the end
plugs In the AHCC, the unit can be used In the
passive mode s!milar to the HLNCC but with much
hi her efflc!ency.
‘1

In this configuration the
un t can be used for
fission rates from Hdjj’iJfd’~~fontancO”~in bulk
samples.

Lwga mass U~OO s~l~s normally require
tho rwnoval of the Ni lfnor and tlm end Plug
spactrs to tcconsnodatt the large Container
81ze8, In thfs mom open configuration, the
systc!l IM* a higher countfng @fftClOncy as
given in

1!1
IC 1. AWCC cofncid@nce Countinq
U is 0.6 counts/s-k end thus a

%fgf0138u S~IR (low .nrickmnt) would
havt an its~prtifsion of about 2Z 411 1000 S.



TABLE 11

HEU METAL BUITONS MEASURED IN AUCC WITH NI LINER IN WELL

.

Sample Size
dim x ht.
~

6x1
6x2
6x3
6x4
6x5
6x6
6x7

7X1
7x2
7x3
7A4

Standardb
Sa~le Hassa Colnciden e

f]
Deviation Counts x 1000

(g U) Rate (s- (1000 s run)- -

524 45.72 3.2% 87.2
1055 86.789 1,55
15B3

81.8
12;.55 80.6

2111 170.3Cl ::2% 80.7
2636 216.73 0.74% 03.0
3164 268.33 0.64% 84.8
3692 318.33 0.55% e6.2

718 ::1,22 2.3% 92.2
1434 116.!9 1.4%
2152

8:.0
179,11 0.92% 83.2

2870 246.65 0.69% 85.9

a IJranlummetal samples 93.17% enrlchef In 235U,

b Corresponds to relative error in net coincidence rate considering only counting statistics.

4CU --

3-EJ -

m -

Icm -

nwnt U308 samples and thwmal-neutron in,
terrogat!onmode.

To check thi$ e plication, SWfIpleS of de.
!pleted urtmlum rang ng In mats from 1 &tc;g

were counted In the present d~toutor,
Incfdence response was ~ 0.6 counts/s,k re-
sulting in a statistical error of ~ ~ !-or a
10-kS s-la countod for 1000 s.

The passive appl~cation of the detector to

?~~~; however, p,”~ofl,um ~
onlum samples is much more Important than

a placations are
described in detail elsewhere for the HLNCC
and will not be cuvered here.

4 Conclur, )s-- .

The performance characteristics of the AWCC
are sumsnarlzedIn Table IIi, The colncldenc~
counting rates are not highly Important because
the statistical error is dominated by the acci-
dental coinzldence rate, The real coincidence
counting rate increases by a factor of 70 In

TABLE 111

PERFORMANCE CHARACTERISTICS OF AWCC

Neutron Interrogation
~hermal Mode tast Mode.—

Low-enrichment
u30e “25!:nts’s g 0’J!5;0unts’s g

Htgh-enrichment NA
0“)!5;

ounts/s g
metal

Sensitivity limits 1 g 235u 23 g 235U

Maasuramant pre.
clsion (IOOG S) 1.5x/20g 235u 3.m/2or)g 235u

——

aGcfined as nat coincidence si~nal mual to 3
of background for 10M.s count.



going from fast-neutron Interrogation to
thermal-neutron interro tion.
l~y limlt 1, I g of~55U,~orT~e5~~~~~~~1
neutron mode and 23 g of 2j U for the fast-
neutron mode. In this case, sensitivity Is
defined as a net signal eqllalto three times
the standard 5ackground leviation over a
1000-s measurement time.

In comparison with the c~mventional fast
random driver (RD),4 the neutlon well coin-
cidence counter Is more portable, llght-weight,
stable, and less subject to effects of matrix
materials and ganrna-raybackgrounds. Thiz last
feature makes it applicable to 233U-Th fuel
cycle materials which generally have ver

A2:i9hgamma-ray backgrounds from the decay of .

A combination active and passive fleasure-
for plutofiiumgives both the 2 Pu and

~f!u fisslle componen~ frmn the active mode
and the 240Pu effective from the passive mode.
However, because of the large neutron back-
ground for plutonium, larger fmLl sources are
needed to override this background In the ac-
tive mode. This ‘esults in assay $~~s that
are larger than cjn be obtained for ,

We have successfully used the system for
the assay H U metal and U02 bulk samples
as well as 9$BU ~nd plutonium,

Future work wI1l include the use of Monte
Carlo calculations to extend the range of the
measured calibration curves and to include
material categories and gemnetries that are
not readily available In the laboratory.
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